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APPENDI X E
DESI GN AND PERFORMANCE CRI TERI A

1. Pretreatnent. As discussed in Appendi x C, pretreatnment
essentially includes two categories:

° Dewat eri ng
° Particle size adjustnent

1.1 Particle Size Adjustnment. A variety of size-reduction

equi pnent is available. 1n general, size reduction equipnment can
be classified into the way in which forces are applied, as
fol | ows:

° force applied between two surfaces as in crushing and
sheari ng;

° force applied only on one surface (inpact);

° non- mechani cal size reduction (thermal shock, explosive

shattering).

Tabl e E-1 shows a practical classification of crushing and
grinding equi pnent. Selection of the appropriate equipnent is
based on feed size and hardness and is summari zed on Table E-2.
Addi tional information on particle adjustnment can be found in
Perry's Chem cal Engi neers' Handbook (sixth edition, Perry,
1984) .

1.2 Dewatering.

1.2.1 Belt Filter Presses. Belt filter presses are the nost
common devi ces used for dewatering sludges. A typical belt
filter press dewatering systemconsists of sludge feed punps,
pol ymer feed equi pnent, a sludge conditioning tank, belt filter
press, sludge cake conveyor, and support punps. Several
paraneters affect the performance of belt filter presses,

i ncl udi ng:

° Sl udge characteristics (includes viscosity, specific
gravity, and % wei ght noisture);

° Unit differential pressure;

° Machi ne configuration;

° Belt porosity, speed and w dth.

Belt filter presses are available in sizes from0.5 to 3.5 m
(1.5 to 12 ft.) in belt wdth. Sludge-loadings rates vary from
90 to 680 kg per neter of belt with per hour (60 to 450 | b per
foot of belt per hour) depending on the sludge type and feed
concentration. Hydraulic throughput based on belt w dths ranges
from1l.6 to 6.3 L/ms (7.7 to 30 gal/ft mn). Safety
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TABLE E-1
Types of Size-Reduction Equi pnent

A. Jaw crushers:

1. Bl ake
2. Over head eccentric
3. Dodge
B. Gyratory crushers:
1. Primry
2. Secondary
3. Cone
C. Heavy-duty inpact mlls:
1. Rot or breakers
2. Hammer mlls
3. Cage i npactors
D. Roll crushers:
1. Snooth rolls (doubl e)
2. Toothed rolls (single and doubl e)

E. Dry pans and chaser mlls

F. Shredders:
1. Toot hed shredders
2. Cage disintegrators
3. Disk mlls

Rotary cutters and dicers

I(®

Media mlls:

1. Bal |, pebble, rod, and conpartnment mlls:
a. Bat ch

b. Cont i nuous

Aut ogenous tunbling mills

Stirred ball and sand mlls

Vibratory mlls

~ESIN

di um peri pheral -speed m | s:
Ring-roll and bow mills
Roll mlls, cereal type
Roll mlls, paint and rubber types
Buhr st ones

gh- peri pheral -speed ml|s:
Fi ne-grinding hamrer mlls
Pin mlls
Colloid mlls
Wbod- pul p beaters

| ui d-energy superfine mlls:
Centrifugal jet
Opposed j et

Jet with anvil

WhETIAWONETIAWONE

Source: Perry"s Chemical Engineers Handbook, 6th ed.
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TABLE E-2
Guide to Selection of Crushing and Gindi ng Equi pnent
Size Har d- Size Reduc- Types
Reduc- ness tion of
tion of Ma- Range of Feeds Range of Products Rati o Equi p-
Oper a- terial cm(in.) cm (in) ment
tion
Max. M n. Max. M n.
Crushi ng
Primary | Hard 150 (60) 30 (12) 50 (20) 10 (4) 3tol [Ato D
50 (20) 10 (4) 13 (5) 2.5 (1)
Secon- Har d 13 (5) 2.5 (1) 2.5 (1) 0.5 (0.2 5tol [Ato F
dary 4 (1.5) 0.6 (0.25) 0.5 (0.19) 0.1 (0.03)
Sof t 50 (20) 10 (4) 5 (2) 1 (0.4) 10to1|Cto G
Grindi ng Pul veri zi ng
Coar se Har d 0.5 (0.19) 0.1 (0.03) 0. 006 (0.02) 0.008 (0.003) |10 to 1 |Dto |
Fi ne Har d 0.12 (0.05) 0. 015 (0.006) 0. 008 (0.003) 0.01 (0.0004) |15 to 1 |Hto K
Di si ntegration
Coar se Sof t 1.3 (0.5) 0.17 (0.07) 0. 057 (0.02) 0.008 (0.003) |20 to 1 |F, |
Fi ne Sof t 0.4 (0.16) 0.05 (0.02) 0. 008 (0.003) 0. 001 50 to 1|l to K
(0.0004)

* 85%y weight smaller than the size given.

Source :

Perry’s Chei cal

Engi neers Handbook,

6t h ed.

Val ues have been rounded and netric equival ents added.
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consi derations which should be addressed in the design include
adequate ventilation and to prevent | oose clothing from being
caught between rollers (Metcalf and Eddy, 1991). Caution should
be exercised in sizing the filter or any other equi pnent based on
a nmuni ci pal sludge application since this is an industrial waste
application and nmay not produce a waste streamwth
characteristics simlar to nunicipal sludge. Table E-3 shows the
advant ages and di sadvantages of belt filter presses.

1.2.2 Plate and Frane Press. Plate and frame press advant ages
and di sadvantages are listed on Table E-4 (Perry, 1984).

1.2.3 Sand Drying Beds. Sand drying beds are constructed of
with fine to coarse-graded sand and gravel |ayers which cover an
open-j oi nt pipe drainage system Figure E-1 is an exanple of a
type of drying bed | ayer system Table E-5 lists the design
advant ages and di sadvantages of using drying beds. Table E-6
presents typical design criteria for drying beds.

2. Unit Design Criteria.

2.1 Feed Storage and Conveyance. Feed storage and conveyance
are integral conponents of the thermal desorption system
mat eri al s handl i ng operation. Feed hoppers are used to coll ect
and store contam nated materials for feeding into the thernal
desorption unit. Conveyor systens are used to transport solids
into and out of the desorption unit.

2.2 Feed Hopper Systens. Feed hopper systens are generally used
wi th nobile construction equi pment such as front end | oaders and
bul | dozers to |l oad and tenporarily store contam nated material s
for conveyance into the thermal desorption unit. Surge hoppers
may al so be installed at the desorption inlet and used with a
conveyor to feed material into the desorption.

Feed hopper conponents are generally commercially avail abl e
as preengineered units. The choice of a proper feed hopper
systeminvol ves consideration of many factors that are to be
consi dered when choosi ng a conveyor system Material properties
such as particle size, noisture content and tenperature are
i nportant because they affect the ability of a material to flow
and hence the geonetry and configuration of the hopper system
Vol unetric capacities of the hoppers nust be sufficient to
accommodat e the t hroughput capacities of the conveyor system and
t hermal desorption unit.

Conmponents may be added to feed hoppers to assist and control
flow fromthe hopper to the conveyor system or process equipnent.
Slide gates are available in both manual and automated designs.
Bin vibrators and vibrating bottons may elimnate materi al
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TABLE E-3
Advant ages and Di sadvant ages of
Belt Filter Presses

BELT FILTER PRESS

After chem cal conditioning, the sludge is deposited onto the
nmoving belt. The readily drainable water is renoved in the
gravity drainage section. Pressure is applied to the cake,
squeezing it between the two belts, and the cake is subjected
to flexing in opposite directions as it passes over the various
rollers. This action causes increased water rel ease and al |l ows

greater conpaction of the sl udge.

Advant ages

Di sadvant ages

Hi gh pressure machi nes are
capabl e of producing drier
cake than any machi ne except a
filter press

Very sensitive to incom ng
feed characteristics and
chem cal conditioning

Low power requirenents

Machi nes hydraulically limted
i n throughput

Low noi se and vi bration

Short nedia (belt) life as
conpared with other devices
using cloth nmedia

Qperation is easy to
understand for an

i nexperi enced operator because
all parts are visible and
results of operational changes
are quickly and readily

appar ent

Wash water requirenents for
belt spraying can be
signi ficant

Process controls can be
adj usted for optinmm
dewatering of a variety of
sl udge types

Frequent washdown of area
around press required

Cont i nuous operation

Can emt noticeable odors if
the sludge is poorly
stabilized
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TABLE E-3 (cont)
Advant ages and Di sadvant ages of
Belt Filter Presses
Advant ages D sadvant ages
Media |ife can be extended Requi res greater operator

when applying low belt tension |attention than a centrifuge

Condi ti on and adj ust nent of
scraper blades is a critical
paraneter that should be
checked frequently

Probably requires a chem cal
pol ymer systemin order to
work well, and typically
requires greater polyner
dosage than a centrifuge

Requires a skilled operator

Source: Perry's Chem cal Engi neers Handbook, 6th ed.

feeders, when nmounted bel ow feed hoppers, serve as effective
devices for netering material to the conveyor or desorption.
Sel ection of sonme common feeder types on the basis of materi al
characterization is summari zed in Table E-7. Feed hoppers nmay
al so be equi pped with weigh scales or sensors to neasure the
wei ght of the material fed.
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TABLE E-4
Advant ages and Di sadvant ages of
Plate and Frane Filter Presses

PLATE AND FRAME FI LTER PRESS

Afilter cloth is mounted over the two surfaces of each
filter plate. Conditioned sludge is punped into the filter
press and passes through holes in the filter plates al ong
the length of the filter and into the chanbers. As the

sl udge cake fornms and builds up in the chanber, the
pressure gradually increases to a point at which further

sl udge injection would be counter-productive. The pressure
is maintained for a one- to four-hour period, during which
nore filtrate is renoved and the desired cake solids
content is achieved. The filter is then nmechanically
opened, and the dewatered cake dropped fromthe chanbers
for renoval

Advant ages D sadvant ages
Filter presses yield higher Large quantities of
cake solids concentration than i norgani ¢ condi tioni ng
any ot her class of dewatering chem cal s are commonly
t echnol ogy used for filter presses
Can dewat er hard-to-dewater Pol ymer alone is generally
sl udges, although very high not used for conditioning
chem cal conditioni ng dosages due to problens wth cake
or thermal conditioning may be rel ease and blinding of
required filter media
Very high solids capture Presses are |arge and

conpl ex

Only nechani cal devi ce capabl e H gh capital cost

of producing a cake dry enough especially for diaphragm
to meet landfill requirenents filter presses

in sone | ocations

Does not require a skilled Labor cost may be high if
oper at or sl udge is poorly
conditioned and if press
IS not automatic

Repl acenent of the nedia
is both expensive and tine
consum ng

Noi se | evel s caused by
feed punps can be very
hi gh
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TABLE E-4 (cont)
Advant ages and Di sadvant ages of
Plate and Frane Filter Presses

Advant ages D sadvant ages

Use of precoat and filtration
aids result in nore sludge
for disposa

Bat ch operation

Large area requirenents

Source: Perry's Chem cal Engi neers Handbook, 6th ed.
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15 ecm (6 in) fine sand

7.5 cm (3 in) coarse sand

7.5 cm (3 in) fine gravel

15 cm (6 in) coarse gravel

Liner System

~— 15 cm (6 in) open joint
underdrain pipe

Pipe bedding /

5 ¢cm (2 in) coarse sand
7.5 em (3 in) medium gravel

FIGURE E-1

SAND DRYING BED
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TABLE E-5

Advant ages and Di sadvant ages of Sand Dryi ng Beds

Advant ages

Low capital cost
(excl udi ng | and)

Low operational |abor and
skill requirenent

Di sadvant ages

Weat her conditions such as rainfal
and freezi ng weat her have an i npact
on useful ness

Low ener gy

Requires |l arge | and areas

Low mai nt enance materi a
cost

Hi gh | abor
r enoval

requi renent for sludge

Little or no chem cal s

required

May be aesthetically unpl easing,
dependi ng on | ocation

Hi gh cake solids content
possi bl e

Potential odor problemwth poorly
stabilized sl udge

Sour ce:

St andard Handbook of Envi ronment al
Robert A. Corbitt,

Engi neering by

MGaw H Il 1990.
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TABLE E-6

Sand Drying Bed Design Data

Par amet er

M ni rum nunber

Typi cal Val ue

Two

Shape Rect angul ar
Lengt h 6-12 m (20-200 ft)
W dth 96 m (20 ft)
Sand | ayer
Dept h 23 cm (9 in)
Ef fective size 0.3-1.0 mm

Uniformty coefficient

Less than 4.0

G avel |ayer

Dept h 30 cm (12 in)

G adi ng 3.2-25 mm (0.12-1 in)
Underdrai n system

Pi pe size 10 cm (4 in) mnimum

Spaci ng Less than 6.1 m (20 ft)

Sl ope 1%

Freeboard above sand

30-45 cm (12-18 in)

Area requi renents

Open
Cover ed

0.09-0.18 nt¥/cap (1-2 ft? cap)
0.06-0.13 nt¥/cap (0.7-1.5 ft?/ cap)

Appl i cation depth

20-30 cm (8-12 in)

Sour ce: St andard Handbook of Environnental Engi neering, by
Robert A. Corbitt, McGaw H I, 1990.
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2.1.2 Conveyor Systens. Pre-engineered conveyor system
conponents are comercially available in a variety of
standar di zed designs. The common conveyor types used in therm
desorption systens are screw auger and belt type conveyors.
Dragline conveyors are al so used on sone systens.

Sel ection of a conveyor suitable for the material to be
handl ed in a specific application involves the consideration of
many factors. Listed below are several inportant design
consi derations in choosing a conveyor system

° Capacity- System throughput requirenments may determ ne
the type of conveyor utilized. Belt type conveyors
because of their larger size and higher operating
speeds are capable of transporting |larger quantities of
material then screw type feeders. Screw conveyors are
avail able with capacities up to 283 n¥ (10,000 cubic
feet) per hour. Belt conveyors can transport up to 142
nt (5,000 tons per hour) (Perry, 1984).

° Mat erial Properties- The physical and chem cal
characteristics of the material to be handl ed may
di ctate conveyor type and/or materials of construction.
Aggr egate size, abrasiveness, corrosion effects,
resistance to flow, density, tenperature and noisture
content are several key material characteristics to
consider in choosing a conveyor.

o Length- The length of travel may limt the choice of
certain types of conveyors. Belt and screw conveyors
are capable of relatively longer travel |engths than
pneunmatic or vibrating conveyors.

° Lift- Belt and screw type conveyors generally can be
arranged to accommpdate the vertical travel required in
the design of thermal desorption systenms. Were only
vertical travel is required, bucket elevators or
speci al |y designed screw conveyors nmay be consi dered.

° Speci al Processi ng Requirenents- Screw conveyors are
particularly adaptable to a variety of processing
operations such as heating, cooling, mXxing,
dewatering, and the transport of sticky and wet
materials. Screw conveyors are susceptible to jamm ng
if oversize material is fed into the conveyor.

Sel ecti on of comon conveyor types on the basis of function
is provided in Table E-8. Auxiliary equi pnmrent can be added to
conveyor systens to satisfy particular requirenents. Both
el ectrical and nmechanical type torque limting devices are

E-12
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avai l able to prevent overloads due to jamm ng. Wi gh scal es or

|l oad cells can be installed to weigh material transported into or
out of the desorption unit. C eaning devices are available to
hel p all eviate problens associated with sticky or non flow ng
materials. Safety cut off devices such as pull cords may be
installed. Screw conveyors may be encl osed or the conveyor

equi pped with em ssions control devices in applications involving
transport of materials having a | arge anount of air borne
particul ates. Table E-7 provided a general guide to conveyor

sel ection. Table E-8 provides information on feeder sel ection.
Table E-9 provides a material classification coded |ist.

2.2 Desorption Design/Performance Evaluation Criteria.

To specify an appropriate desorption unit, the designer needs
to specify the follow ng design and performance criteria:

° Treatability study results;

o Mat eri al throughput capacity kg/hr (1b/hr);

° Characterization of feed stock (type, noisture
criteria, organic criteria); and

° Renedi ati on requirenents.

Usi ng the above infornation, desorption efficiency paraneters
can be devel oped. These critical paraneters include:

° system operating tenperature for the primary desorption
chanber;

° turbul ence induced in the primary chanber;

o solids retention tinme at the desorption tenperature;
and

° sweep gas flows through the primary chanber.

Wil e sonme wi de ranges for these paraneters are provided in
this docunent (see Table C2), the specific application wll
require site-specific data to determ ne adequate val ues for each
In sonme cases, these paraneters cannot be nonitored directly, and
| ess-than-full scale treatability studies or full scale
denonstration tests should be used to determ ne val ues for
i ndi rect neasurenent that provide an indicator of adequate
per f or mance.

For instance, although nonitoring the tenperature of
treatment effluents (e.g., treated soils) is recommended and
desirable for nonitoring tenperature of the treatnent system
this is not currently possible. Research in use of color
pyroneters indicates that nonitoring solids tenperature may be
possible in the near future. This requires the nmeasurenent of
anot her paraneter (e.g., kiln wall tenperature or gas
tenperature). In this case, a pilot or full scale study is

E- 13
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TABLE E-7

Conveyors for

Bul k Materi al s*

Functi on

Conveyor Type

Conveying material s Apron, belt, continuous flow,
hori zontal |y drag flight, screw, vibrating,
bucket, pivoted bucket, air
Conveying materials up or Apron, belt, continuous flow,
down an incline flight, screw, skip hoist, air

El evating materials

conti nuous
air

Bucket el evator,
flow, skip hoist,

Handl ing materials over a

Conti nuous flow, gravity-

collecting materials from

conbi nation horizontal and di scharge bucket, pivoted
vertical path bucket, air
Distributing materials to or [Belt, flight, screw, continuous

flow, gravity-discharge bucket,

Source: Perry's Chem ca

bi ns, bunkers, etc. pi vot ed bucket, air

Renmoving nmaterials fromrail Car dunper, grain-car unl oader
cars, trucks, etc. car shaker, power shovel, air
*From FMC Cor poration, Material Handling Systens D vision.

Engi neers Handbook, 6th ed.
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TABLE E- 8
Feeders for Bulk Material s*
Mat eri al Characteristics Feeder Type
Fine, free-flowing materials Bar flight, belt, oscillating
or vibrating, rotary vane,
screw
Non- abr asi ve and granul ar Apron, bar flight, belt,
materials, materials with sonme [oscillating or vibrating,
| unps reci procating, rotary plate,
screw
Materials difficult to handle | Apron, bar flight, belt,
because of being hot, oscillating or vibrating,
abrasive, |lunpy, or stringy reci procating
Heavy, |unpy, or abrasive Apron, oscillating or
materials simlar to pit-run vi brating, reciprocating
stone and ore

*From FMC Cor poration, Material Handling Systens D vision.
Source: Perry's Chem cal Engi neers Handbook, 6th ed.
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TABLE E-9
Cl assification Systemfor Bulk Solids*
Mat erial Characteristics Class
Si ze Very fine - <149um (100 nesh) A
Fi ;1e - 149umto 3.18 mm (100 nmesh to s B
in
Ganular - 3.18 to 12.7 mm (% to % in) C
Lunpy-containing lunmps >12.7 mm (% i n) D
Irregular - being fibrous, stringy, or H
the like
Fl owabi lity Very free-flowing - angle of repose up 1
to 30°
Free-flow ng - angle of repose 30 to 2
45°
Sl uggi sh - angl e of repose 45° and up 3
Abr asi veness Nonabr asi ve 6
M I dly abrasive 7
Very abrasive 8
Speci al Cont am nabl e, affecting use or K
characteristics |[salability
Hygr oscopi ¢ L
Hi ghly corrosive N
Ml dly corrosive P
G ves off dust or funes harnful to life R
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recomended to define the adequate tenperature ranges for the
applicabl e paraneter. Information regarding treatability studies
is provided in Section D.5 of Appendi x D.

Each of the four paraneters and its effect on desorption
efficiency is discussed briefly bel ow

2.2.1 Tenperature. A key paranmeter in ensuring the required

mat eri al desorption is achieving material tenperature. WMaterial
tenperatures are always associated with a material treatnent
time. The paraneters are dependent on each other for any

di scussion of thermal desorption. As the concentration of
organic increases, the treatnent tinme and/or tenperature required
to nmeet the cleanup requirenent increases. The optinal
tenperature for desorption should be determ ned through previous
treatability testing, and operation tenperatures can be neasured
at one of three points:

° The soil discharge tenperature, generally in the range
of 150-650°C (300-1200°F). Sone systens may have
problens in nonitoring this paranmeter since neasuring a
flow ng solids tenperature on a continuous basis is not
presently possible.

o Kiln or dryer wall tenperature, generally in the range
of 150-650°C (300 to 1200°F). This provides an
i ndirect means of neasuring the solids tenperature on a
conti nuous basis, however, because the neasurenent is
indirect, the assunption nust be nmade that the thernal
transfer to the soils is adequate for volatilization.
Agai n, the data gathered during a denonstration or
smal l er scale treatability test should be used for
determning the optimal tenperature for an indirect
nmeasur enent .

° O f gas tenperature, generally 150-760°C (300-1400°F).
As wth nonitoring tenperature of the desorption device
itself, nonitoring off gas tenperature provides an
i ndirect nmeans of neasuring the solids tenperature on a
conti nuous basis, nmaking the sane assunption on energy
transfer. The data gathered during a denonstration or
smal l er scale treatability test should be used for
determning the optimal tenperature for an indirect
nmeasur enent .

The thermal desorption system should be nonitored for
mal function (e.g., inadequate auxiliary firing, poor heat
transfer due to fouling, excess sweep air flow and the waste
feed adjusted accordingly. Should excessive tenperatures be
detected by the systemcontrols processing should cease to
protect equipment.

E-17



ETL 1110-1-173
31 MAY 96

2.2.2 Turbulence. Turbulence of the media in the primry
chanber inpacts volatilization of the contam nants through two
mechani sns:

o By increasing contact tine of each particle of the
media with the heated portions of the primary chanber,
t her eby enhancing transfer of thermal energy to the
medi a.

° By increasing contact tine of each particle of the
media with the sweep gas, both increasing heat transfer
fromthe gas to the nmedia and driving the vapor
phase/ adsor bed phase equilibriumtowards the vapor
phase.

In rotary dryer/rotary kiln type systens, the novenent
resulting fromrotation of the kiln is used to enhance this
i nt erphase transfer and heat transfer effectiveness. Rotational
speeds shoul d be maintained at sone prescribed mnimumto all ow
uni npeded heat and material transfers. As with the tenperatures,
this rotational speed should be determned in a denonstration
test or in smaller scale treatability testing. It should be
realized that kiln rotational speed also inpacts retention tine
inversely (i.e., the faster the rotational speed, in general the
shorter the solids residence tine). Therefore, both m ni num and
maxi mum ki | n speeds shoul d be specified based on the results of
the treatability tests. Treatability and pilot scale testing
utilizing rotary quartz kiln tubes (described in Appendi x D)
assist in the determ nation of operating paraneters for ful
scal e operation. Rotary quartz kiln tubes typically have
refractory lined kilns with variable rotational speeds and
adj ust abl e sl opes. Rotational speeds vary from1l to 12
revol utions per mnute, and slopes of the kiln range fromO to
5.5% The rotational speed and slope of the dryer is then
adjusted to obtain the required solids retention tinme for a known
fixed length of a reaction zone (Hazen Research Inc., 1994).
This data is then translated to full scale operation by process
engi neering principles.

Thermal screw systens rely on direct contact of the nedia
with the auger to transfer heat, mnimzing the need for heat
transfer fromthe sweep gas. Wth these systens, turbulence is
i nduced by the heated augers and serves to increase the contact
of each particle with the auger (facilitating heat transfer) and
i ncreasing contact tinme with the sweep gas (facilitating the
vapor/solids transfer). As with rotary kiln/rotary dryer
systens, an inverse relationship exists between residence tine
and auger speed, and optinmal auger speeds shoul d be determ ned
during treatability tests.
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2.2.3 Solids Retention Tine. Retention tine is the effective
residence tine that the soil feed remains in the desorption unit
and inpacts the treatnent tinme for the nmedia. Shorter than
adequate retention tinmes will result in inconplete desorption of
the contam nation due to the | ack of adequate tinme for heat
transfer to the soils or mass transfer to the sweep gas to occur.
Typical retention tines are from3 to 90 m nutes dependent on the
type of desorption, feed rate and kil n/auger/conveyor speeds.

Solids retention tine is directly related to the kiln
rotational speed (for rotary kiln/rotary dryer systens) and to
auger speeds (for thermal screw systens). The designer or
construction manager should also realize that particles of
differing size will nove at different speeds through the system
(for instance, in general, larger particles will nove nore
qui ckly through a rotating kiln than smaller particles) nmaking
absol ute definition of retention tinme difficult. Al though
approximate retention tinmes can be determned initially using
dyes, retention times may be difficult to nmonitor directly during
operations and the operators may need to rely on indirect
controls, such as auger speed or kiln rotational rate.

The required solids retention tinme and correspondi ng
tenperature should be determned by treatability testing or
denonstrati on studi es.

2.2.4 Sweep Gas. Sweep gas (a | ow oxygen carrier gas or air)
acts as a carrier to renove volatilized materials fromthe
desorption chanber, driving the solid/vapor equilibriumtowards
t he vapor phase. Sweep gas carrying the soil contam nants is
then carried to the gas conditioning systemand then either
exhausted or recycled to the desorption chanber. As a secondary
function, in sonme systens the sweep gas serves as a heat carrier
and transfer agent to heat the soils, as, for instance, in a
fluidized bed type system

Al t hough each system shoul d be capabl e of adequately handling
a wde range of gas flowrates, the rate is critical in affecting
the performance of the system A lowflowrate will not allow
adequat e sweeping of the system and the solid/vapor equilibrium
may favor the solid phase. A flowrate too high may not provide
adequate heat transfer tine between the gas and solid and hi gher
| evel s of particulate may be entrained into the gas, overl oadi ng
the control system Again, an adequate sweep gas flow shoul d be
determined in treatability studies.

Determ nation of the sweep gas flow rate is dependant on the
type of thermal desorption unit (direct fired or indirect fired),
type of sweep gas (oxidative or inert) used, the purge gas oxygen
concentration, contam nants present in soil, and noisture content
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of the soil. Specifically, the sweep rate can be determ ned
using the volune or capacity if the thermal desorption, the

di aneter of the purge gas inlet, and know ng the percent turnover
rate within the chanber. Actual sweep rate can be neasured using
a calibrated rotaneter

Sweep gas flow rates are highly dependent on the specific
systemin use and a range for acceptable sweep gas flows should
be determ ned during the treatability studies or denonstration
testing.

2.3 Particulate Control. As discussed in Appendix C,
particul ate control devices primarily consist of cyclones, bag
houses, and Venturi Scrubbers. The type of particulate control
and unit efficiency is dependant on the amount and size of
particles entering the system Methods to estinmate what type of
particul ate control can be determ ned by know ng both the
concentration of influent particulates and the associ ated size
distribution. Note that with the proposed EPA standards of 0.015
gr/cu ft, baghouses may be the only particulate control device
capabl e of neeting this requirenent in the future. Table E-10
provi des associ ated efficiencies and particle sizes for cycl ones,
baghouses and Venturi Scrubbers.

2.3.1 Cyclones. The two main classifications of cyclones are
based on efficiency:

° Hi gh-efficiency cycl ones; and
° Hi gh-through put cycl ones.

Hi gh-through put cyclones are typically used to renove
particle sizes greater than 50 um and generally have | arge
di aneters. High-efficiency cyclones have small dianeters (I|ess
than 0.3 m (1 foot)).

The factors typically considered when desi gning cycl ones
i ncl ude the foll ow ng:

° Dust size distribution, particle density, shape,
physi cal chem cal properties such as aggl onerati on,
hygr oscopi ¢ tendenci es, stickiness, etc.;

° Cont am nat ed gas streamtenperature, pressure,
hum dity, condensabl e conponents, density, etc.

° Process vari abl es such as dust concentration, gas fl ow
rate, allowable pressure drop, size to be separated;
and

° Structural limtations, tenperature and pressure
rating, materials of construction, and space
limtations.

E- 20



ETL 1110-1-173

31 MAY 96
TABLE E- 10
Collection Efficiencies for Particulate Control Equi pnent
Per cent age
Efficiency at
Equi prent Type 50 pm S um |1 pm
Medi um ef fici ency cycl one 94 27 8
Lowresi stance cel lul ar cycl ones 98 42 13
Hi gh-efficiency cycl one 96 73 27
Venturi scrubber, nmedi um energy 100 >99 97
Venturi scrubber, high energy 100 >99 98
Shaker-type fabric filter (Bag house) >99 >99 99
Reverse-jet fabric filter (Bag house) 100 >99 99
Source: Lapple, C, InterimReport: Stack Contam nation - 200
Areas, HDC-611, August 6, 1948.

It is inportant to understand the factors that affect the
performance of cycl ones which are the foll ow ng:

° Secondary effects: This includes the nmass transfer
rel ated i ssues which decrease the efficiency of the
cyclone. An exanple of this type of effect is the
bounci ng back of particles into the inner vortex of the
cycl one;

° Proportional D nensions: Hi gh efficiency cycl ones have
certain dinensional proportions which are based on the
results of extensive investigations. Table E-11 is a
summary of the performance trends based on cycl one
changes. Figure E-2 provides a sketch of the
di nensi ons of a single cyclone separator.

o Physi cal properties: The physical properties which
affect the performance of a cyclone include the
specific gravity of the carrier gas, particle size, and
viscosity of the carrier gas.

° Process variables: The effect of changes in gas
vel ocity, tenperature, dust loading is indicated in
Table E-12. It should be noticed that an increase in

efficiency also tends to increase the pressure drop.
Excessi ve pressure drop affects the collection
efficiency.
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TABLE E-11
Performance Trends Based on Cycl one Changes
Per f or mance Trend
Pressure Effic- Cost
Proportional Change Loss i ency Trend

| ncrease cycl one size Down Down Up
Lengt hen cyl i nder Slightly | Up Up

| ower
I ncrease inlet area - Down Down -
mai ntai n vol une
I ncrease inlet area - Up Down Down
mai ntain velocity
Lengt hen cone Slightly | Up Up

| ower
| ncrease size of cone Slightly |[Up or down -
openi ng | ower
Decrease size of cone Slightly |Up or down -
openi ng hi gher
Lengt hen cl ean gas Up Up and/ or Up
outlet pipe internally down
| ncrease cl ean gas Down Down Up
outl et pipe dianeter
Source: Control Technol ogies for Hazardous Air Pollutants,
June 1991. EPA-625-691-014.
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2.3.2 Baghouses. As discussed in Appendi x C baghouses or fabric
filters are the nost efficient nmeans of separating particles from
a gas stream |Inportant process variables considered in baghouse
design include the fol |l ow ng:

Fabric type;

Cl eani ng net hods;

Air-to-cloth ratio; and

Equi prent configuration (i.e., forced draft or induced
draft).

The fabric type, cleaning nethod, and air-to-cloth ratio al
shoul d be sel ected concurrently. Equi pnment configuration is of
secondary i nportance unless the space for the equi pnent is
[imted. The operating paraneter usually nonitored is the
pressure drop across the system Typically baghouses are
operated within certain pressure drop range, which is determ ned
based on site experience.

The data required for the design consists of the follow ng:

Flow rate actual nt/s (acfm;

Moi sture content (9;

Tenperature °C (°F);

Particle nean dianeter (um;

SO, content (ppm;

Particul ate content pg/n? (grains/scf); and
Organic content (9.

Table E-13 is a summary of the characteristics of several
fibers used in fabric filtration. Table E-14 is a conparison of
fabric filter cleaning nmethods. Table E-15 is a sumary of
recommended ranges of air-to-cloth rations by typical bag filters
for a variety of dusts and funes.
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Ef fect of Physi cal

TABLE E- 12
Properties Process Variables on Efficiency

Pressure | Effic-

Loss i ency Cost Trend
Gas Change
| ncrease velocity Up Up Initial cost down,

operating cost up

| ncrease density Up Neg Slightly higher
| ncrease viscosity Neg Down -
| ncrease tenperature Down Down -
(mai ntain vel ocity)
Dust Change
| ncrease specific - Up -
gravity
| ncrease particle - Up -
si ze
| ncrease | oadi ngs - Up -

Source: Control Technol ogies for
June 1991. EPA-625-691-014.

Hazar dous Air Pol |l utants,
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Fi bers Used in Fabric Filtration

Resi st ance®

Max.
Fi ber Operating M ner al Organi c
Type? Tenp. Abr asi on Aci ds Aci ds Al kalis | Sol vent
Cot t on® 82°C (180°F) VG P G P E
Wol ¢ 93°C (200°F) FI G VG VG P/ G G
Modacryl i c¢ 71°C (160°F) FI G E E E E
(Dynel ™
Pol ypr opyl ene® 93°C (200°F) E E G
Nyl on Pol yam de® | 93°C (200°F) E F F E E
(Nyl on 6 & 66)
Acrylicd 127°C G VG G FI G E
(260°F)
Pol yest er®
( Dacr on™ 135°C VG G G G E
(275°F)
(Creslan™ 121°C VG G G G E
(250°F)
Nyl on Aromati c¢ 191°C E F G E E
( Normex ™ (375°F)
Fl uor ocar bon¢ 232°C FI G E E E E
(Tefl on™ TFE) (450°F)

Characteristics of Several

TABLE E- 13 (cont)
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Resi st ance®
Max.

Fi ber Oper ati ng M ner al Organic

Type? Tenp. Abr asi on Aci ds Aci ds Al kalis | Sol vent
Fi ber gl ass® 260°C FI & G G G E

(500°F)

Cer ami cS' 480+°C
(Nextel 312™ (900+°F) - - - - -

a3Fabric limted.

resi stance, and E =
excel |l ent resistance.

‘Wven fabrics only.

WhHven or felted fabrics.

The nobst chemically resistant of all these fibers.
SAfter treatnment with a | ubricant coating.
hDacron™di ssol ves partially in concentrated H,SO,.

information on long term
resi stance, and acid and al kali performance has been docune

Source: Control Technol ogies for Hazardous Air Pollutants,
625- 691-014.

PP = poor resistance, F = fair resistance, G = good resistance, VG = very good

eConsi dered to surpass all other fibers in abrasion resistance.

'The ceranmic fiber market is a very recent developnent. As a result, little

nt ed.

June 1991. EPA-
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TABLE E- 14
Conmparison of Fabric Filter Bag C eani ng Met hods
Cl eani ng Met hod
Rever se Pul se-j et Pul se-j et
Mechani cal Ar | ndi vi dual Conpart nent ed
Par anet er Shake flow Bags Bags
Cl eani ng on- Of-line Of- On-1line Of-line
or off-line l'ine
Cleaning tinme | H gh Hi gh Low Low
Cl eani ng Aver age CGood Aver age CGood
uniformty
Bag attrition | Average Low Aver age Low
Equi prent Aver age Good Good Good
ruggedness
Fabric type? Wven Wven Fel t/ Wven? | Fel t/ Wven?
Filter Aver age Aver age | High Hi gh
vel ocity
Power cost Low Low to High to Medi um
Medi um Medi um

Dust | oadi ng Aver age Average | Very high Hi gh
Maxi mum Hi gh Hi gh Medi um Medi um
t enper at ur e®
Col |l ection Good Good Good°® Good°®
efficiency

Wth suitabl e backing,

felted.

woven fabrics can performsimlarly to

®PFabric |imted.
‘For a properly operated systemw th noderate to | ow pressures,

the collection efficiency may rival other nethods.
Source: Control Technol ogies for Hazardous Air Pollutants,
June 1991. EPA-625-691-014.
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TABLE E- 15
Air-to-Cloth Ratios?
Shaker / Wven Pul se
Dust Rever se- Ai r/ Wven® Jet/ Fel t®
Al um na 0.76 (2.5) 2.4 (8)
Asbest os 0.91 (3.0 3.1 (10)
Bauxite 0.76 (2.5 2.4 (8)
Car bon bl ack 0.46 (1.5 1.5 (5)
Coal 0.76 (2.5) 2.4 (8)
Cocoa, chocol ate 0.76 (2.5) 3.7 (12)
C ay 0.76 (2.5) 2.7 (9)
Cenent 0.61 (2.0) 2.4 (8)
Cosneti cs 0.46 (1.5 3.1 (10)
Enanel frit 0.76 (2.5 2.7 (9
Feeds, grain 1.07 (3.5) 4.3 (14)
Fel dspar 0.67 (2.2) 2.7 (9)
Fertilizer 0.91 (3.0 2.4 (8)
Fl our 0.91 (3.0) 3.7 (12)
Fly ash 0.76 (2.5 1.5 (5)
G aphite 0.61 (2.0) 1.5 (95)
Gypsum 0.61 (2.0) 3.1 (10)
lron ore 0.91 (3.0) 3.4 (11)
| ron oxide 0.76 (2.5) 2.1 (7)
Iron sulfate 0.61 (2.0) 1.8 (6)
Lead oxi de 0.61 (2.0) 1.8 (6)
Leat her dust 1.07 (3.5) 3.7 (12)
Li e 0.76 (2.5) 3.1 (10)
Li mest one 0.82 (2.7) 2.4 (8)
M ca 0.82 (2.7) 2.7 (9)

TABLE E-15 (cont)
Air-to-Cloth Rati os?
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Shaker/ Wven Pul se
Dust Rever se- Ai r/ Wven® Jet/Felt®
Pai nt pignents 0.76 (2.5) 2.1 (7)
Paper 1.07 (3.5) 3.1 (10)
Pl astics 0.76 (2.5) 2.1 (7)
Quart z 0.85 (2.8) 2.7 (9)
Rock dust 0.91 (3.0 2.7 (9
Sand 0.76 (2.5) 3.1 (10)
Sawdust (wood) 1.07 (3.5) 3.7 (12)
Silica 0.76 (2.5) 2.1 (7)
Sl ate 1.07 (3.5) 3.7 (12)
Soap detergents 0.61 (2.0) 1.5 (5)
Spi ces 0.82 (2.7) 3.1 (10)
Starch 0.91 (3.0) 2.4 (8)
Sugar 0.61 (2.0) 2.1 (7)
Tal c 0.76 (2.5) 3.1 (10)
Tobacco 1.07 (3.5) 4.0 (13)
Zi nc oxi de 0.61 (2.0) 1.5 (5)

aceneral ly safe design val ues -
consideration of particle size and grain |oading.

application requires

PA/C ratio units are (n¥/ mn)/nt of cloth area [(ft?/min)/ft? of

cloth area]

Sour ce: Contr ol

Technol ogi es for

June 1991. EPA-625-691-014.

Hazar dous Air

Pol | ut ant s,
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2.3.3 Venturi Scrubbers. Venturi scrubbers are designed to
collect particles between 0.5 to 5.0 pmin dianmeter. The data
necessary to perform design consists of the follow ng:

Fl ow rate actual n¥/sec (acfm;

Moi sture content (9% ;

Tenperature °C (°F);

Particle nean dianeter (um;

Required collection efficiency (9%;
Particul ate content pg/nt (grains/scf); and
Organic content (9.

The tenperature range for venturi scrubber should be within 5
to 38 °C (50 to 100 °F). If the tenperature does not fall within
the stated range then pretreatnent of the stream nmay be necessary
(1.e., streamcooling).

The two nost inport considerations for evaluating a venturi
scrubber are the pressure drop across the scrubber and the
mat eri al of construction. Typical pressure drops for ventur
scrubbers for a variety of applications are listed in Table E-16.
Materials of construction for various industries are listed in
Tabl e E-17 and serve as a general guide as to the types of
material used in the industry.

2.4 Ar Pollution Control Devices Design and Performance. Air
pol lution control devices are designed to renove organi cs/ THC
VOC/ POHC fromthe thermal desorption unit discharge gas flow.
These unit operations include:

Thermal afterburners
Catal ytic afterburners
Adsor ption

Baghouses

Wet scrubbers

Performance is based on criteria developed to neet stack
em ssion (regulatory requirenents) criteria and/or process
recycl e requirenents.

This section details the design and performance of these unit
oper ati ons.

2.4.1 Afterburners. To ensure satisfying stack em ssion
requi renents, thermal or catalytic afterburners may be required.
The process principle involves the conbustion and oxi dati on of
hydrocarbons/VOC s. The unit design (process and equipnment) is
based on the follow ng four key criteria:
TABLE E- 16
Pressure Drops for Typical
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Venturi Scrubber Applications
Pressure Drop
Appl i cation kPa in HO
Boi l ers
Pul veri zed coal 3.7 - 10 15 - 40
St oker coal 2.5 - 3 10 - 12
Bar k 1.5 - 2.5 6 - 10
Conbi nati on 2.5 - 3.7 10 - 15
Recovery 7.5 - 10 30 - 40
I nci nerators
Sewage sl udge 4.5 - 5 18 - 20
Li quid waste 12.4 - 13.7 50 - 55
Solid waste
Muni ci pal 2.5 -5 10 - 20
Pat hol ogi cal 2.5 -5 10 - 20
Hospi t al 2.5 -5 10 - 20
Ki | ns
Li me 3.7 - 6.2 15 - 25
Soda ash 5- 10 20- 40
Pot assi um chl ori de 7.5 30
Coal Processing
Dryers 6.2 25
Crushers 1.5 -5 6 - 20
Dryers
CGeneral spray 5- 15 20 - 60
Food spray 5- 7.5 20 - 30
Fluid bed 5- 7.5 20 - 30
Source: Control Technol ogies for Hazardous Air Pollutants,
June 1991

EPA-625-691-014.
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TABLE E-17
Construction Materials for Typical Venturi Scrubber Applications

Construction

Application Mat eri al
Boi |l ers
Pul veri zed coal 316L stainless steel
St oker coal 316L stainless steel
Bar k Car bon st eel
Conbi nati on 316L stainless steel
Recovery Carbon steel or 316L stainless steel
| nci nerators
Sewage sl udge 316L stainless stee
Li qui d waste Hi gh nickel all oy
Solid waste
Muni ci pal 316L stainless steel
Pat hol ogi cal 316L stainless stee
Hospi t al Hi gh nickel all oy
Kil ns
Li ne Carbon steel or stainless steel
Soda ash Carbon steel or stainless steel

Pot assi um chl ori de Carbon steel or stainless steel

Coal Processing
Dryers 304 or 316L stainless steel
Crushers Car bon st eel

Source: Control Technol ogies for Hazardous Air Pollutants,
June 1991. EPA-625-691-014.
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Tenperature: for a thermal unit a range of 760-982°C
(1400-1800°F) is required to support the destruction of
t he hydrocarbon nol ecul ar structures; for a catalytic
unit a range of 320-650°C (600-1200°F) is adequat e;
however, tenperatures of 1204°C (2200°F) have been used
for difficult-to-oxidize organics.

Residence tinme: wunit sizing is based on providing
residence tinmes ranging fromO0.5 to 2.0 seconds - this
allows for the tinme required for conplete conbustion

Cat al yst and contact turbul ence: thorough gas m xi ng
to insure gas phase interaction and tenperature
uniformty is required - this is achieved by proper

sel ection of chanber velocities 3.05 - 6.1 nisec (10 to
20 ft/sec), burner arrangenent in the chanber to all ow
for flame/gas flow interaction (which may reflect a
direct or tangential entry) and the use of pinch points
(narrow ng/ obstruction of the gas flow path).

Oxygen concentration: to ensure proper
reacti on/ conversi on, m ni mum oxygen concentrations of
3-5% shoul d be maintained in the flue gas with the
sources being the desorption flue, burner supply and
suppl enentary air fan as needed. Maxi mum val ues of 7-
9% O, shoul d not be exceeded due to the generation of
excess flue gas flow

Design of the afterburner chanber should include, consistent
with the above criteria, the foll ow ng considerations:

Chanber vol une based on the maxi mum gas fl ow and

maxi mum required residence time, with the wwdth of the
chanber conputed fromthe gas velocity and the chanber
| engt h.

Afterburners may be provided in horizontal or vertical
configurations. Vertical is the preferred arrangenent
shoul d solids drop out be a concern. Provisions for
removal of solids should be provided (i.e., bottom
hopper, manway access).

Afterburner chanbers are typically refractory-1ined
units wwth the shell being of a carbon steel. The
selection of a refractory type should widen (a) the
operating tenperature constructed including the
tenperature profile at the burner zone which may
dictate refractor type due to elevated fl ane
tenperatures, (b) the presence of acid gases or
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corrosive materials, and (c) material thicknesses
including insulation, if required, to maintain a shel
tenperature of |less than 260°C (500°F).

o To conserve energy, heat exchange between the influent
and effluent streans may be incorporated including (a)
recirculating a portion of the exit flow and m xi ng
this flowwth the inlet streamand (b) using a non-
contact heat exchanger, internal to the afterburner
unit, or as a separate stand al one devi ce.

A burner arrangenment should be selected to support the above
design criteria (e.g., tenperature requirenents). The burner
design may include the follow ng considerations:

° Use of an appropriate fuel supply (fuel oil, natural
gas and/ or propane).

° Use of single or multiple units for back up.

o Burner thermal duty with consideration given to the

flue gas inlet flowrate, flue gas conposition
(conplimenting conbustion of the organics present) and
t he maxi num desi gn conbustion m x tenperature.

° Fl ame/gas flow interaction (e.g., direct, tangential)
and gas phase turbul ence to pronote the conbustion
reaction.

o Use of a | ow NQ, desi gn.

Wthin the limts of the overall air pollution control system
train, thermal afterburners need to achieve the foll ow ng
performance criteria:

° Organi cs/ THC VOCO/ POHC.  destruction and renoval
efficiency (DRE) of 95-99.9+% or 10-100 ppnv
concentration.

o CO  2-100 ppmv (rolling average).

o Ni trogen oxides (NQ): Iess than 100 ppnv.

The performance of afterburners should also neet the specific
operational requirenents - nost notably conmbustion zone
tenperature, gas di scharge oxygen |l evels, and negative pressure
(via the APL systemID fan) to neet regulatory requirenents.

2.4.2 Catalytic Afterburner. To neet stack em ssion

regul ations, catalytic afterburners may be required. Catalytic
afterburners use a noble netal catalyst to pronote the rate of
reacti on and decrease the activation energy needed for oxidation,
all om ng operation at |ower tenperatures and thereby yielding

| oner fuel usage.

Key matters to note regarding the application of catalyst
afterburners are:
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° Catal yst materials normally used are plati num
pal | adium and rhodium Qhers include copper chromte
and the oxides of copper, chrom um manganese, ni ckel
and cobal t.

° Common conmerci al ly avail abl e catal yst configurations
include mat (simlar in appearance to an air filter),
porcel ai n assenblies and plates with connected rods and
honeyconb (ceram c or refractory) supported catal ysts,
where the catalyst material is deposited in |ayers on
an inert substrate.

The gas stream should be free of particulate matter to
protect the catalyst fromfouling. |In addition, catalysts are
sensitive to many substances, including platinumpoisons (heavy
metal s), suppressants (halogens), and fouling agents (iron
oxi des) .

The design of catalytic afterburners is based on the
follow ng four key criteria:

° Tenperature: to support ignition and conbustion an
operating tenperature range of 320-650°C (600-1200°F)
is required - achieved through the conbustion reactions
and auxiliary fuel firing.

° Resi dence tine: wunit/catalyst bed sizing is based on
residence tinmes ranging from0.08 to 1.0 seconds to
allow tinme for conplete reaction

° Tur bul ence: the shell and catal yst should be
configured to provide intimte m xing of the gas phase
fl ow and contact with the catal yst structure.

° Oxygen concentration: sufficient oxygen nust be
present to insure oxidation of the contam nants;
m ni mum | evel s of 3-5% O, should be maintained in the
gas flow with the sources being the desorption flue
burner supply and supplenmentary air fan as needed, and
maxi mum oxygen concentrations of 7-9% shoul d not be
exceeded due to the generation of excess flue gas flow

The precise value of each of these paraneters is dependent on
the catal yst enpl oyed plus the flue stream properties.

Desi gn of the afterburner chanber shoul d consi der

° Cat al yst vol ume based on the maxi nrum gas fl ow and
maxi mum requi red residence tine.
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Chanber construction for operating tenperatures: bel ow
540°C (1000°F) heat treated steels have been used
successfully, at tenperatures near 540°C (1000°F)
stainless steels may be use, and above 540°C (1000°F)
refractory |linings are used.

To conserve energy recuperative heat recovery schenes
may be provided integral to the afterburner unit or as
a separate stand al ong device including:(a)
recirculating part of the exit flow and mxing with the
inlet streamand (b) using a non-contact heat

exchanger.

Nobl e metal catal ysts are susceptible to the

fol | ow ng: poi sons (arseni c conpounds, hal ogens,
phosphat es and heavy netal s); fouling agents
(silicones, iron oxides and alumna dusts); and
suppressants (hal ogens and sul fur conpounds) ( Brunner,
1988) .

A burner arrangenment should be selected to support the above
design criteria (e.g., tenperature requirenents). The burner
desi gn shoul d consi der

Use of an appropriate fuel supply (fuel oil, natural
gas and/ or propane).

Use of single or multiple units for back up.

Burner thermal duty with consideration given to the
flue gas inlet flowrate, flue gas conposition
(conpl i nmenting conbustion of the organics present) and
t he maxi num desi gn conbustion m x tenperature.

Fl ane/ gas flow interaction and gas phase turbul ence and
pronote the conbustion reaction

Use of a | ow NQ, design

Wthin the limts of the overall air pollution control system
train, catalytic afterburners typically need to achieve the

foll ow ng
[ J

performance criteria:

Organics (THC VOO POHC):  destruction and renoval
efficiency (DRE) of 90-99%

CO  2-100 ppmv (rolling average).

Ni trogen oxides (NQ): Iess than 100 ppnv.

The performance of catalytic afterburners should al so neet
the specific operational requirenents; nost notably of which are
reaction zone tenperature, gas di scharge oxygen concentrations
and negative pressure (via the APC systemID fan) to neet
regul atory requirenents.
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2.4.3. Adsorption. Vapor phase activated carbon or resin
adsorption may be enployed within the APC train to further renove
organic constituents in the cooled flue gas stream and satisfy
em ssion requirenents.

Characterization of the organic contamnants is a key
consideration in the selection of an appropriate adsorbent.
Organic contam nants are characterized as foll ows:

Conmpound nane

Formul a and/ or nol ecul ar wei ght
Specific gravity

Inl et concentration

Boi | i ng poi nt

Vapor pressure curve

Adsor ption isotherns
Refractive i ndex

| mpurities and safety nust be considered (e.g., dust may clog
t he adsorbent bed, ketones may oxidize or polynerize, both of
which will liberate heat wwth a potential for ignition of the
adsor bent).

In addition to the above, to select an appropriately sized
adsorption unit the following criteria nust be known:

Air flowrate n¥/s, (cfm

Air pressure atm (psig)

Air relative humdity, %

Tenperature, °C (°F)

Capture efficiency, %

Characterization of constituents of concern

Design considerations for the selection of a carbon absorber
are:

° Rel ative humdity of off-gas. Of-gas normally has a
relative humdity of 100% Uncontrolled humdity
reduces the efficiency and effectiveness of carbon
adsor pti on.

° Materials of construction for the vessels and internals
are lined (high solids epoxy, polyethylene) carbon
steel, stainless steel, fiberglass, polypropyl ene, etc.
and that the fabrications are readily available to the
Site.

° Arrangenent of air distributors to nmaximze fl ow
patterns to support interphase contact and reduce the
gas side pressure drop.

° Cl ean and foul ed pressure drops to support the system
draft profile.
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o Upf |l ow, downfl ow or crossflow configuration
requirenents.

° Pre-filters to avoid unwanted fugitive particul ate
build up in the adsorbent bed.

° Accessories such as blowers or fans, prem xing, skid
nmounting, control panels, post-filters, flane
arrestors, sanple ports, lifting lugs, pressure relief
val ves, rupture disks, condensate traps, separators,
dehum difiers.

° Code requirenents (e.g., ASME pressure testing) and/or
| eakage testing.

° Provi sions for carbon repl acenent.

° Provi sions for carbon regeneration

° Regeneration systemrequirenents (e.g., boilers, heated

pressure air/steamflow, stripped material collection
and separation, treatnent and routing).

Wi | e dependent on the overall air pollution control system
train, the adsorption systemneeds to achieve the performance
criteria for organics (THC VOO POHC) of 50 to 99% renova
primarily as a function of the outlet tenperature, chem cal
types, inlet concentration, adsorbent bed depth and bed velocity.

Addi tional performance criteria may al so be required to
conformwi th regulatory requirenments (e.g., inlet tenperature).

2.5 Treated Material Handling. Thermal desorption systens
typically enploy screw or belt type conveyor systens to transport
treated material residuals fromthe desorption outlet to a truck
or storage area. Conveyor arrangenents nay include a single
conveyor or nultiple conveyors involving changes in both

hori zontal and vertical direction.

The design criteria used in the selection of an appropriate
solids effluent conveyor systemis generally simlar to that for
the desorption inlet conveyor system Material tenperatures,
however, warrant closer consideration in selecting conveyors for
solid effluents. Soil discharge tenperatures of certain types of
t hermal desorbers may approach 650°C (1200°F) and may affect the

mat erials of construction and/or type of conveyor chosen. In
rotary dryer and thermal screw type desorption systens, water may
be sprayed unto the hot soil in a screw conveyor for cooling and

dust control.

As wth the desorption inlet conveyor systens, auxiliary
devi ces may be added to satisfy particular requirenents.

2.6 Oversized Material Handling. Depending on the

hazar dous/ nonhazardous nature of the oversized material, there
are several managenent options available. |[If hazardous, stone
clunps and aggregate can be reprocessed in a pug mll or crusher
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and then treated in the desorption unit. Boards, plastic, and
m scel | aneous debris can be decontam nated and sent to a solid
waste landfill for disposal. The liquid generated and residue
can be treated in the facility wastewater treatnent plant.

| f nonhazardous, all oversized naterial can be sent off-site
for disposal in a solid waste landfill.

3. Process Controls. This section will present (1) the
instrunmentation and control elenents used in a thermal desorption
system design, (2) different degrees of automation and (3) a |ist
of m nimal process control conponents that nmay be used in a

t hermal desorption system

3.1 Description of Design Elenents. A full thermal desorption
systemdesign will include, at a mninmum the follow ng process
control elenents:

3.1.1 Process Flow Diagram Flow and material bal ances show ng
t he general arrangenent of the equipnent, the flow rate of each
process stream the operating tenperature and pressure for each
unit process, and the conposition of materials on each process
stream

3.1.2 P& Diagrams. Piping and instrunmentation di agrans show
the interrel ati onship between process conponents, piping and
process control devices. |SA and ANSI standards (ANSI/ | SA-S5.1)
govern the preparation of P& diagrans. These diagrans show all
maj or process conponents organi zed according to process flow
The instrunmentation synbols are shown in "bubbles."

3.1.3 Electrical Wring Diagram This diagramshows the wiring
of all physical electrical devices, such as transforners, notors
and lights. |If appropriate, the diagramis organized in | adder

| ogic form

3.1.4 Description of Conponents. The specifications nust
i nclude a description of instrunentation and control conponents
including installation and nounting requirenents.

3.1.5 Sequence of Control. The sequence of control nust be
included in both the design submttal and the operation and
mai nt enance manual. Control information concerning systemstart-

up, system shutdown and response to mal functions nust be
i ncl uded.
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3.1.6 Control Panel Layout. A control panel |ayout nust be
designed. This drawing will show, to scale, all electrica
conponents and the associated wiring. This control itemis
normal ly submtted as a shop draw ng.

3.1.7 Logic Diagram |If the process control logic is not
apparent fromthe P& Di agrama |ogic diagram should be incl uded.
The di agram shows the |ogical (and, or, nor, if-then)

rel ati onshi ps between control conponents but does not show

i nterconnecting process flow. For exanple, the diagram may show
that if swtch #2 is placed in the on position and there are no
alarm conditions, then the blower will turn on and activate a
green indicator |ight.

3.1.8 Legend and Standard Synbols. The set of docunents nust
have a | egend to explain the synbols used. Despite the existence
of the | egend, standard synbols nust be used wherever applicable.

3.2 Degrees of Automation. The degree of automation is
general ly dependent on the conplexity of the treatnent system
the renoteness of the site, and nonitoring operations, and
control requirenments. Typically, there is a trade off between
the initial capital cost of the instrunentation and control
equi pnrent, and the | abor cost savings in system operation.

Cenerally, there are three fornms of process control: | ocal
control, centralized control, and renote control. 1In a |ocal
control system all control elenents (i.e., indicators, swtches,
relays, notor starters) are |l ocated adjacent to the associated
equi pnent. In a centralized control system the control elenents
are nounted in a single location. These systens may include a
hard-wi red control panel, a progranmable |logic controller (PLC
or a conputer. Renote control can be acconplished several ways
i ncl udi ng by neans of nodens or radio telenetry.

To sel ect the appropriate control schene, the advantages and
di sadvant ages of each control schene nust be considered. A
| ocal i zed control systemis |ess conplex, |ess expensive and
easier to construct. For exanple, if a level switch in a tank is
controlling an adjacent discharge punp, it would obviously be
sinpler to wire fromthe tank directly to the adjacent punp than
to wire fromthe tank to the centralized control panel and then
fromthe panel back to the punp. As the control system becones
nmore conplex, it quickly beconmes advantageous to | ocate the
control conponents in a central location. Centralized contro
systens are al so easier to operate. Instrunent interlocks can be
used for both safety and equi pnent protection considerations.
Centralized data acquisition and control may include the use of
conmputers or PLCs.
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TABLE E- 18
| nstrunent ati on Sunmmary
Equi pnent Par anet er | nst runent
Desor ber Tenper at ure Ther nocoupl e or
| nfrared Sensor
Pressure Pressure Transducer
Rot ati onal / Li near AC Vari abl e Speed
Speed Drive or Sensing Head
N, Concentration N, Anal yzer
Fuel Feed Rate Vol unetric Fl owreter
Gas Resi dence Aver agi ng type pitot
Ti me/ Sweep Gas t ube
Vel ocity
Condenser Tenper at ure Ther nocoupl e/ Level
Switch
Particul ate Differential Differential Pressure
Renoval (Cyclone) |Pressure Transducer
Air Pollution
Contro
Af t er bur ner Tenperature Ther nocoupl e or
(1 f used) infrared sensor
Fuel Feed Rate Vol unetric Fl owret er
O, Concentration Zi rconi um Oxi de
Bur ner Contr ol Bur ner Managenent
System
Quench Chanber Tenper at ure Ther nocoupl e
Li quor Fl ow Vol unetric Fl owret er
Scr ubber Differential Differential Pressure
Pressure Transducer
Tenper at ure Ther nocoupl e
pH (Neutralization pH Cel
Tank)
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TABLE E- 18
| nstrunentati on Sunmmary
Equi pnent Par anet er | nst runent
Scr ubber Density Density Meter
(Cont.) (Neutralization
Tank)
Baghouse Tenper at ure Ther nocoupl e

Differenti al
Pressure

D ff Press Transducer

Car bon Adsor ber

Tenper at ure

Ther nocoupl e

Differential Presure

Differential Presure

Tr ansducer

HC Concentrati on

HC Anal yzer

Material Handling |Waste Feed Rate Vari abl e speed drive
Desor ber
Load cel |, weight
sensor
Programmabl e Logic
Controller
Resi dual Di scharge Load cel |, weight
Feed Rate sensor
Progranmmabl e Logic
Controller
St ack CO Concentration I nfrared Anal yzer
SO, Concentrati on Utra Viol et
Phot onetri c Detector
NQ, Concentration Chem | um nescent
Anal yzer
Total HC CEMS
Opacity OQpacity Meter
Tenper ature Ther nocoupl e
Speci al Equi pnent | Regenerate Flow Rate |Volunetric Fl owneter

| on Exchange Unit
(Wast ewat er)

Conductivity

Conductivity Cel

Tenper at ure

Ther nocoupl e or RTD

Pressure

Pressure Transducer
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The greater the nunber of control inputs, the nore worthwhile
it is to use conputer or PLC control. For thermal desorption
systens, the inputs may include signals fromspeed indicators,
pressure switches or thernocouples. The threshold for using PLCs
or conputers is generally between five and ten inputs, dependi ng
on the type of input and operator background. Oten plant
operators will be nore famliar with traditional hard-wred
control logic than with control logic contained in software.
However, process logic contained in software is easier to change
than hard-wiring. Therefore, if extensive future nodifications
to the proposed system nay be antici pated, avoid hard-wiring the
process | ogic.

Modens and radio telenetry can be used to control these
systens renotely. Radio telenmetry is typically used over shorter
di stances when radio transm ssion is possible. Mdens are used
Wi th conputerized control systens. Systens can al so be equi pped
with auto dialers to alert the operator of a malfunction by
t el ephone or pager. Considerations such as site |ocation,
capi tal cost, standardization, operator background and system
conpl exity govern the selection of these devices.

3.3 Process Control Conponents. A listing of typical process
control conponents typically installed in a thermal desorption
system can be found in Table E-18.

3.4 Feed Storage and Conveyance.

3.4.1 Feed Hopper Systens. Bin level controls may be used on

| arger hoppers to nonitor the contents of the hoppers. Rotary
airl ocks and feeders may be equi pped with speed and torque
overload controls simlar to those used on conveyor systens.

Vi brating bottons may be controlled manually or automatically via
preset tinmers. Signals fromweight sensors together with bin

| evel and feeder speed and torque overload sensors may be
processed t hrough programmable |ogic controllers to provide for

t he conpl ete automati on of wei ghing, feeding and conveyi ng

functi ons.

3.4.2 Conveyor Systenms. Process controls are installed on
conveyor systens to nonitor and control one or nore of the
foll om ng paraneters

3.4.2.1 Conveyor Speed. Conveyor systens can be equi pped with
both fixed speed and vari abl e speed drives. Fixed speed drives
are used when the speed of the conveyor does not require

adj ust ment during operation. Fixed speed drives may include the
use of notor speed reducers alone or in conbination with chain
and sprocket drives or V-belt drives. Fixed drives are used when
maj or changes to processing feed rates and high feed rate
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accuracies are not required. Variable speed drives will yield a
much greater accuracy and variability in processing feed rate and
speed adjustnent than fixed speed drives. Variable speed drives

i ncl ude vari abl e frequency drives for use with AC i nduction
motors and silicone controlled rectifiers for use with DC notors.
DC drives are preferred when speed adjustnents are required over
a Wi de range at extrenely accurate settings.

3.4.2.2 Material Wight. Conveyor systens can be equi pped with
sensing elenents (e.g., load cells, strain gauges or weigh belts
or platforns) to weigh materials during processing. Mterial

wei ghi ng may be done on a batch or continuous basis. Batch
weighing is effective when material densities are constant and
uni form fl ow can be mai ntai ned. Batch wei ghing devices such as
addi tive weight and | oss of weight scales can achieve accuracies
of + 0.1 percent under such conditions and when they are
augnented with proper flow controls. Continuous wei ghing devices
such as weigh platforns sense both material flow rate and changes
in flowrate. Continuous wei ghing devices are suitable for

conti nuous processes and can achi eve wei ghing accuracies of + 1
percent .

3.4.2.3 Mterial Feed Rate. Wth the use of automated process
control devices such as programmable | ogic controllers, signa
out puts from wei ghing devices can be conbined with those of the
conveyor speed controls to yield highly accurate neasurenent and
control of material feed and di scharge rates.

3.4.2.4 Torque Overload. Torque overload devices are installed
on conveyor systems to prevent damage to conveyor conponents in
the event the conveyor janms. Torque overl oad devices nay be
mechani cal or electrical in design. Mechanical devices such as
shear pins and slip clutches provide an i medi ate positive

di sconnection of the conveyor and drive. The conveyor system nust
remai n i noperative, however, until the shear pins are repl aced.

El ectrical devices include notor current sensing devices; these
devi ces may not shut the conveyor down immedi ately upon increased
torque and thus may not be suitable protection in sone
appl i cations.

3.5 Desorption Design/Performance Evaluation Criteria. Four
basi ¢ paraneters can be used to nonitor the performance of a
t hermal desorption on a continuous (or intermttent) basis.
These paraneters are:

° system operating tenperature for the primary desorption
chanber;

° t urbul ence induced in the primary chanber;

° retention tinme (can be estimted); and

° sweep gas flows through the primary chanber.
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Tenperature of the nedia in the primary chanber is ideally
nmoni tored by direct neasurenent of the treated material s,
however, this is not possible on a continuous basis. Two
alternate tenperature nmeasurenents are suggested:

o Kiln or dryer wall tenperature; or
° Exhaust (i.e., back end of the desorption chanber) gas
t emper at ure.

Agai n, each of these provides an indirect neans of neasuring
the solids tenperature on a continuous basis, but because the
measurenent is indirect, the assunption nust be made that the
thermal transfer to the soils is adequate for volatilization.

No direct manner of measuring turbul ence or solids retention
time can be made, however, indirect turbul ence nonitoring can be
performed by nmonitoring kiln rotational speed or auger speeds
(for a thermal screw system). Again, m ninum and maxi num speeds
shoul d be established during the treatability or denonstration
t esting.

Sweep gas flow rates may be neasured via feed fl ows,
recirculating gas flows and/or thermal discharge flue rate -
using line velocities to determ ne mass and volunetric rates.

3.6 Particulate Control. The primary process control paraneter
nmoni tored for cycl ones, bag houses, and Venturi Scrubbers is the
pressure drop across the unit. Differential pressure may be
sensed by a diaphragmor simlar type pressure transducer.

Tenperature is also nonitored in the baghouse to ensure that
damage to the fabric filter does not occur.

Tenperature is nonitored using thernocoupl e sensors.

3.7 Ar Pollution Control Devices Controls. Air pollution
control devices provided to renove organi cs/ THC VOO POHC from t he
t hermal absorber unit discharge gas flow include the follow ng:

Thermal afterburners
Catal ytic afterburners
Adsor bers

Baghouses

Wet scrubbers

Monitoring and controls are provided for each operation and
anong the overall processes to support performance and safety.

This section details the nonitoring and controls of these
uni t operations.
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3.7.1 Thermal Afterburners. Process controls required to
nmoni tor and control the thermal afterburner unit performance
i ncl ude the foll ow ng:

° Tenperature: to support conmbustion, a m ni mum
tenperature (e.g., 650°C (1200°F) nust be nmi nt ai ned.
Al so, to protect equipnment and conserve fuel, a nmaxi mum
tenperature is established (e.g., 980°C (1800°F)). For
nmoni toring, generally redundant back-up thernocoupl es
are provided in the conbustion zone. This tenperature
range i s achieved by nodul ating the burner firing rate
for heat input and the supplenental air fan (danpers
may be enpl oyed) for cooling control

° Oxygen: To support reaction chem stry a m ni num oxygen
level is desired (e.g., 3% and to limt the mass fl ow
generated a maxi num oxygen concentration (e.g., 9% is
set. Mnitoring is provided via the use of oxygen
sensors in the conbustion zone. Control within this
concentration range is achi eved by nodul ating a
suppl emental air fan arrangenent (danpers may be

enpl oyed) .

° Draft: A proper systemdraft/pressure profile shall be
mai nt ai ned by nonitoring different point(s) along the
process train: where one of these |ocations may be the
afterburner. M ninmum pressure should be maintained to
ensure a negative draft profile in the entire systemto
avoid fugitive rel eases via a nodul ati ng danper
arrangenment on the fan. The required draft is
dependent on the system design with the afterburner
itself generally requiring a 0.01 to 0.5 kpa (0.05 to 2
i nch water colum) pressure drop

° Car bon Monoxi de.

° Burner fuel use - an in-line flow nmeasuring device is
typically included to provide flow rate and
totalization data for overall operational evaluation
and inventory control purposes.

To insure the protection of the equi pnment, a waste feed cut-
off to the thermal desorption unit should be initiated upon the
foll owm ng occurrences:

| ow or high tenperature
| ow oxygen concentration
| ow draft and

rel ated power failure.
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3.7.2 Catalytic Afterburners. Specific process controls for the
catalytic unit are required to nonitor and control the operation
of the unit. These include the follow ng:

Tenperature: To support initiation of reactions, a

m ni mum tenperature (e.g., 316°C (600°F)) nust be

mai ntained. In addition, to protect the catalyst and
equi pnent (recogni zing their respective design
tenperatures) and conserve fuel, a maxi num tenperature
is set (e.g., 649°C (1200°F)). For nonitoring,
general | y redundant back-up thernocoupl es are provided
in the catalyst bed zone. This tenperature range is
achi eved by nodul ating the burner firing rate for heat
i nput and the supplenental air fan (danpers may be
enpl oyed) for cooling control

Oxygen: To support reaction chem stry a m ni num oxygen
level is desired (e.g., 3% and to limt the mass fl ow
generated a maxi num oxygen concentration (e.g., 9% is
set. Mnitoring is provided via the use of oxygen
sensors in the catal yst bed zone. Control within this
concentration range is achi eved by nodul ati ng a

suppl enmental air fan arrangenent (danpers may be

enpl oyed) .

Draft: A proper systemdraft/pressure profile shall be
mai nt ai ned by nonitoring different point(s) along the
process train where one of these |ocations may be the
afterburner. M ninmum pressure should be maintained to
ensure a negative draft profile in the entire systemto
avoid fugitive rel eases via a nodul ati ng danper
arrangenment on the fan. The required draft is
dependent on the system design with the afterburner
itself generally requiring a 0.0 to 0.5 kPa (0.00 to 2
inch WC) pressure drop.

Monitoring of the catalytic afterburner operation shal

i ncl ude -

in addition to the above control paraneters -the

foll ow ng key itens:

Burner fuel use - an in-line flow nmeasuring device is
typically included to provide flow rate and
totalization data for overall operational evaluation
and inventory control purposes.

CO nonitor - an on-line analyzer shall be | ocated at
t he di scharge of the catalyst to indicate |oss of
catal yst effectiveness (e.g., due to poisoning,
fouling) chanber.

E- 48



ETL 1110-1-173
31 MAY 96

To protect the equipnent, a waste feed cut-off to the therma
desorption unit can be initiated upon the follow ng occurrences:

| ow or high tenperature

| ow oxygen concentration

| ow draft

hi gh CO di schar ge

hi gh pressure drop in the baghouse and
rel ated power failure.

3.7.3 Adsorption. Adsorption systens are typically provided
Wi th process controls to nonitor and control performance.
Conmponents may include the foll ow ng:

° Saturation Indicators: analyzers may be provided at
t he absorber(s) discharge to indicate the presence of
organi cs and adsorbent bed saturation, hence the need
for replacenent/regeneration. Should parallel or
series unit arrangenents be provided, analyzers at the
different unit discharge points can dictate gas routing
or flowto allow for absorber servicing.

° Pressure Monitoring: pressure indicators may be
provided on the inlet and outlet flow lines of the
absorber or alternatively differential pressure
i ndi cation may be specified.

o Tenperature Mnitoring: tenperature indicators (wWth
thernmowel I s) may be placed in the absorber beds - the
nunber required dependent on the unit size and design;
the purpose is to indicate the high tenperatures (due
to adsorption exotherns, contam nant oxi dati on,
pol ynmeri zation reactions, etc.) which could | ead to bed
fires. Set points should be established which initiate
on high (energency) condition an alarm activation of
the fire suppression water system and purging of the
absor ber bed.

Series and parallel absorber unit arrangenents can be
provided to allow for placing individual units out-of-service for
regeneration and to maintain overall operation on-line
avail ability.

3.8 Treated Material Handling. Process controls for the treated
mat eri al handling conveyor systens are generally simlar to those
of the desorption inlet conveyor systens with the addition of
flow controls for water sprays, if used. Control may be manua
via a hand valve in applications where material throughput and
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tenperature vary infrequently during processing; autonmated fl ow
controls may be needed in applications where these paraneters
requi re frequent adjustnent.

4., Site Requirenents.

4.1 Equipnent Plot Requirenents. Space requirenments for the

t hermal desorption processing equi pnent are generally |less than
45 mby 45 m (150 feet by 150 feet) exclusive of materials
handl i ng equi pnent (EPA, 1994). Site areas required for
conveyance and heavy construction equi pment wll vary depending
upon the capacity of the treatnment systemand the conplexity of
the renedi ati on operation. The space available for materials
handl i ng and the | ocation of treatnent and support facilities can
be determ ned fromthe pre-construction survey.

4.2 Material Stockpiles. An adequate stockpile of contam nated
material is necessary to allow for continuous operation. A
treated material stockpile is required to allow for sanpling and
anal yses prior to final placenent.

4.3 Construction Zones. Refer to ER 385-1-92 Safety and
Cccupational Health Docunment Requirenents for Hazardous, Toxic
and Radi oactive Wastes (HTRW which covers construction zones to
the extent required for investigation, design and construction.

4.4 Easenents. Easenents may be required fromthe | ocal

muni ci palities having jurisdiction over the site area. Permts
and site inspections may be required for the construction of
bui | di ngs and the connection to electrical, gas, water and
sanitary sewer facilities.

4.5 UWility Requirenents. Uility requirenents (electric power,
water, fuel, air, steam etc.) will be site and contractor

speci fic and dependent upon the capacity, type and conplexity of
the treatment systemused. Applicable codes (mlitary or state
and | ocal) governing the installation of utilities wll be

I ncor por at ed.
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